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® DNA fragment encoding a polypeptide having nitrile hydratase activity, a transformant containing 
the DNA fragment and a process for the production of amides using the transformant 

@ The present invention discloses the amino acid sequence and nucleotide sequence of the a- and ^S-subunits 
of two types of nitrile hydratase derived from Rhodococcus rhodochrous J-l. The DNA fragment encoding nitrile 
hydratase is Inserted into an expression vector and the recombinant vector is used for transformation. The 
transformant contains multiple copies of the gene and can produce much higher levels of nitrile hydratase than 
conventionally used microorganisms. 
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The present invention relates to a DNA fragment derived from Rhodococcus rhodochrous J-I and 
encoding a polypeptide having nitrile hydratase activity which hydrates nitrites to amides. The invention also 
relates to a recombinant DNA containing the above DNA fragment, and a transformant transformed with the 
recombinant DNA. The present Invention further relates to a method of producing nitrile hydratase using the 
s transformant and of amides using nitrile hydratase. 

Nitrile hydratase or nitrilase Is known as an enzyme that hydrates nrtriles to amides. Microorganisms 
that produce nitrile hydratase Include those belonging to the genus Bacillus, the genus Bacteridtum, the 
genus Micrococcus and the genus Brevibacterium (See, JP-B-62-21 517/1 989, USP No. 4.001.081). the 
genus Corynebacterium and the genus Nocardla (See. JP-B-56-17918/1981, USP No. 4,248,968), the genus 
10 Pseudomonas (See, JP-B-59-37951/1984, USP No. 4.637.982), the genus Rhodococcus . the genus Arth- 
rot>acter and the genus Mtcrobacterium (See, JP-A-61 -1621 93/1 986, EP-A-0188316), and Rhodococcus 
rtiodochrous (See. JP-A-2-47G/1 990. EP-A-0307926). 

Nitrile hydratase has been used to hydrate nitriles to amides. In the invention, microorganisms are 
engineered to contain multiple copies of a recombinant DNA encoding nitrile hydratase according to a 
75 recombinant DNA technology. The recombinant produces a remarkably high level of nitrile hydratase 
.compared with conventionally used microorganisms. 

The present inventors previously disclosed a DNA fragment derived from Rhodococcus sp. N-774 
(PERM BP-1936) which also encodes a polypeptide having nitrile hydratase activity (J P-A-2-1 19778/1988). 

In contrast the present inventors utilizes a DNA fragment derived from Rhodococcus rhodochrous J-1 
20 for the production of nitrile hydratase. We isolated the gene erux)ding nitrile hydratase, inserted the gene 
Into a suitable plasmid vector and transformed an appropriate host with the recombinant plasmid, thus 
successfully obtained the transformant producing nitrile hydratase which has high activity also on aromatic 
nitriles. 

The present invention relates to 
25 (1) a DNA^"^ fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide 
comprising the a<"^-subunit as defined in the Sequence Listing by SEQ ID: No. 1 and the i3^"^-subunit as 
defined in the Sequence Listing by SEQ ID: No. 2; 

(2) a DNA^'-> fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide compris- 
ing the a^-subunit as defined in ^e Sequence Listing by SEQ ID: No. 3 and the i9<^>-subunit as defined 

30 In the Sequence Listing by SEQ ID: No. 4; 

(3) the DNA^"* fragment of (1) which contains a nucleotide sequence encoding said a^- and 
subunits. comprising the DNA sequence of the a^^^-subunit as defined in the Sequence Listing by SEQ 
ID: No. 5 and the DNA sequence of the iS^-subunit as defined in the Sequence Listing by SEQ ID: No. 
6; 

35 (4) the DNA<^> fragment of (2) which contains a nucleotide sequence encoding said a^^- and ^S^^-subunits. 
comprising the DNA sequence of the a^'-^-subunit as defined in the Sequence Listing by SEQ ID: No. 7 
and the DNA sequence of the /S^'-^subunit as defined in the Sequence Listing by SEQ ID: No. 8; 

(5) a recombinant DNA comprising the DNA^"' or the DNA^ of (1)-(4) In a vector, 

(6) a transformant transformed with the recombinant DNA of (5); 

40 (7) a method for the production of nitrile hydratase which comprises culturing the transformant as 
described in (6) and recovering nitrile hydratase from the culture; 

(8) a method for the production of amides which comprises hydrating nitriles using nitrile hydratase as 
described in (7) to form amides; and 

(9) a method for the production of amides which comprises culturing the transformant as described in 
4S (6), and hydrating nitriles using the resultant culture, isolated bacterial cells, treated matter thereof, or a 

fixed material of them, to form amides. 
The present invention is described in detail as follows. 
The present invention is carried out by the steps (1)*<8): 

50 (1) Isolation and Purification of Nitrile Hydratase and Partial Amino Acid Sequencing of Nitrile Hydratase 



Two types of nitrile hydratase (designated as H type and L type, respectively) are Isolated and purified 
from Rhodococcus rhodochrous J-l (PERM BP-1478) and the both enzymes are separated into a and fi 
subunits using HPLC. N-Terminal amino acid sequence each of tiie subunits is determined and shown in 
55 the Sequence Listing by SEQ ID: Nos. 9-12. 

(2) Preparation of a DNA Probe for a Nitrile Hydratase Gene 
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A DNA probe is prepared from JM105/pYUKl21 (PERM BP-1937) as described in J P-A-2-1 19778/1990 
due to the high degree of homology in the amino acid sequence between the nitriie hydratase ^ subunit of 
RhodocQccus sp. N-774 described in said Japanese Patent Official Gazette and those of Rhodococcus 
rhodochrous J-l Plasmid pYUK121 containing nitriie hydratase gene derived from Rhodococcus sp. N-774 
5 is prepared from a JM105/pYUK121 culture, pYUK121 DNA is digested with SphI and Salt. The Sphl-Sall 
fragment contains the nitriie hydratase gene (shown in the Sequence Listing by SEQ ID: No. 13) of 
Rhodococcus sp. N-7T4. The DNA fragment is radiolabeled. 

(3) Detection of a DNA Segment Containing a Nitrite Hydratase Gene from the Chromosome ofRhodoc* 
10 occus rtiodochTbusJ-l 



Chromosomal DNA is prepared from a Rhodococcus rhodochrous J-l culture. The chromosomal DNA Is 
digested with restriction enzymes and hybridized to the probe described in (2) using the Southern 
hybridization method [Southern. E.M., J. Mol. Biol. 98. 503 (1975)], 
IS Two DNA fragments of a different length are screened. 

(4) Construction of a Recombinant Plasmid 



A recombinant plasmid is constructed by inserting the chromosomal DNA fragment as prepared in (3) 
20 Into a plasmid vector. 

(5) Transformation and Screening for a Transfbrmant Containing the Recombinant Plasmid 



Transformants are prepared using the recombinant plasmid as described in (4). The transformant 
25 containing the recombinant plasmid is selected using the probe as described in (2) according to the colony 
hybridization method [R, Bruce Wallace et. al., Nuc. Aci, Res. 9, 879 (1981)]. Additionally, Ihe presence of 
the nitriie hydratase gene in the recombinant plasmid is confirmed using the Southern hybridization method. 
The plasmids thus selected are designated as pNHJIOH and pNHJ20L. 

30 (6) Isolation and Purification of Plasmid DNA and Construction of the Restriction Map 



Plasmid DNAs of pNHJIOH and pNHJ20L as prepared in (5) are Isolated and purified. The restriction 
map of tiie DNAs is constructed (Fig. 1) to determine the region containing nitriie hydratase gene. 

35 (7) DNA Sequencing 



The extra segment of the inserted DNA fragment in pNHJIOH and pNHJ20L is excised using an 
appropriate restriction enzyme. The inserted DNA fragment is then used for sequencing. The nucleotide 
sequence of the DNA fragment (SEQ: ID Nos. 14/15) reveals that it contains the sequence deduced from 
40 the amino acid sequence as described in (1 ). 

(6) Production of Nitriie Hydratase Using the Transformant and Conversion of Nitriles to Amides 



The transformant as described in (8) is cultured. The bacterial cells are mixed with nitriles, a substrate 
45 of nitriie hydratase, and amides are produced. 

Rhodococcus rhodochrous J-l was deposited with Fermentation Research Institute, Agency of Industrial 
Science and Technology, and was assigned the accession number PERM BP-1478. A transformant 
TGI/pNHJIOH containing pNHJIOH as described In (5) and a transfbrmant TGI/pNHJ20L containing 
pNHJ20L as described in (5) were deposited with the above and assigned the accession number PERM BP- 
60 2777 and PERM BP-2778, respectively. 

Any vectors including a plasmid vector (e.g.. pAT153. pMP9. pHC624, pKC7. etc.). a phage vector (e.g., 
Xgtll (Toyobo), Charon 4A (Amersham). etc.) may be used. Enzymes which may be used include SphI, Sail, 
EcoRI. BamHI. Sad, and the lil<e. which are commercially available (Takara Shuzo). Various hosts may be 
used for transformation including but not limited to E. coll JM105 and E. coli TGI. 
55 Culture media for the transformant are those ordTnariTy used in the^irtl 

Conversion of nitriles to amides is carried out using nitriie hydratase, crude nitriie hydratase, the culture 
of the transformant, the isolated bacterial cells or treated matter thereof, and the like, prepared from the 
culture of the transformant. 
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Suitable nitriles in the invention include aromatic nitriles having 4-10 carbon atoms in the aromatic 
moiety and aliphatic nitriles having 2-6 cart>on atoms, which are described in the European Patent 
Publication No. 0.307.926. Typical examples of the nitriles are 4-. 3- and 2-cyanopyridines, benzonitrlle. 2.6- 
difluorobenzonitrile, 2-thiophene cartK)nitrile, 2-furonitrile. cyanopyrazine, acrylonitrile, methacrylonitrile. 
5 crotonttrile, acetonitrtle and 3-hydroxypropionitrile. 

The present Invention discloses the amino acid sequence and nucleotide sequence of the a- and fi' 
subunits of two types of nitrile hydratase derived from Rhodococcus rhodochrous J-l. The DNA fragment 
encoding nitrile hydratase Is Inserted into an expression vector and the recombinant vector is used for 
transformation. The transformant contains multiple copies of the gene and can produce much higher levels 
10 of nitrile hydratase than conventionally used microorganisms. 

Fig. 1^ shows restriction maps of recombinant plasmids, pNHJIOH and pNHJ20L. 
The present invention is Illustrated by the following Example. 
The following abbrexdattons are used in the Example. 
TE: Tris-HCI (10 mM; pH 7.8). EDTA (1 mM. pH 8.0) 

IS TNE: Tris-HCI (50 mM; pH 8.0), EDTA (1 mM. pH 8.0). NaCI (50 mM) 

STE: Tris-HCI (50 mM; pk 8.0), EDTA (5 mM. pH 8.0). Sucrose (35 mM) 

2xYT medium: 1.6% Trypton; 1.0% Yeast extract. 0.5% NaCI 

Example 

20 

t*^) isolation and Purification of Nitrile Hydratase and Partial Amino Add Sequencing of Nitrile Hydratase 



Rhodococcus rhodochrous J-I was cultured in a medium (3 g/t of yeast extract, 0.5 g/1 of KH2PO4. 0.5 
g/£ of K2HPO4. 0.5 g/t of MgS04*4H20. 0.01 g/t of C0CI2, and 3 g/t of crotonamide. pH 7.2) at 28' C for 
80 hours. The bacterial cells were harvested. 50 g of the bacterial cells was disrupted and fractionated with 
ammonium sulfate. The sample was dialyzed and the dialysate was centrifuged. The supernatant was 
loaded on DEAE-Cellulofine chromatography. Phenyl-Sepharose chromatography. Sephadex G-150 
chromatography and Octyl-Sepharose chromatography. Two fractions with enzyme activity were obtained 
and dialyzed. The dialysates were loaded on a high performance liquid chromatography using a reversed 
phase column (Senshu Pak VP-304-1251, Senshu Kagaku). and two respective subunits (a and 0) were 
obtained. N-terminal amino acid sequence of ai<"^-, ^1^"^-, ai<^^- and i3i^^-subunlts was determined using an 
Applied Biosystems model 470A protein sequencer. The amino acid sequences are shown in the Sequence 
Usting by SEQ ID: Nos. 9-12. 

35 (2) Preparation of a DNA Probe for Nitrile Hydratase Gene 



E. coli JM105 (PERM BP-1 937) containing pYUK121 was cultured in 100 ml of 2xYT medium 
containing 50 /tg/ml of ampicillin at 30* C overnight (12 hours). The bacterial cells were harvested and TNE 
was added to the cells. The cell suspension was then centrifuged. 8 ml of STE and 10 mg of lysozyme 
were added to the pellet The mixture was Incubated at 0* C for five minutes followed by the addition of 4 
ml of 0.25M EDTA. 2 ml of 10% SOS and 5 ml of 5M NaCI were then added to the mixture at room 
temperature. The resultant mixture was incubated at 0-4* C for three hours and then ultracentrifuged. 1/2 
volume of 30% PEG 6000 was added to the supernatant. The mixture was incubated at 0-4* C overnight (12 
hours) and centrifuged. TNE was added to the pellet to bring the volume to 7.5 ml and CsCI was then 
added to the suspension. The mixture was centrifuged to remove proteins. Then. 300-500 mg/ml of 
ethidium bromide was added to the supernatant The mixture was transferred to a centrifuge tube. The tube 
was heat-sealed and then ultracentrifuged. cccDNA was extracted using a peristaltic pump. A bit more than 
equal amount of isopropyl alcohol saturated with water was added to the extract to rid of ethidium bromide. 
The sample was dialyzed against TE. About 3 ml of purified pYUK121 was obtained. 

pYUK121 DNA was digested with SphI and Sail, resulting in a 2,07 kb DNA fragment containing a nitrile 
hydratase gene derived from Rhodococcus sp. N-774. The fragment was radiolabeled with to produce a 
probe. The nucleotide sequence of the probe is shown in the Sequence Listing by SEQ ID: No. 13. 

(3) Preparation of a DNA Fragment Containing a Nitrile Hydratase Gene of Chromosome 



Rhodococcus rhodochrous J-l was cultured in 100 ml of a medium (10 g/t of glucose, 0.5 g/t of 
KH2P04, 0.5 g/t of K2HP04, 0.5 g/1 of MgS04*7H20, 1 g/t of yeast extract. 7.5 g/t of peptone, 0.01 g/t 
of C0CI2, 7.5 g/t of urea, 1% glycine or 0.2 /xg/ml of ampicillin, 1 t of water, pH 7.2). The bacterial cells 
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were harvested and the pellet was washed with TNE. The pellet was then suspended in 10 ml of TE. 4 ml of 
0.25M EDTA, 10-20 mg of lysozyme, 10-20 mg of achromoprotease and 10 ml of lOxSDS were added to 
the suspension. The suspension was incubated at 37' C for three hours. 15 ml of phenol was added to the 
suspension. The mixture was Incubated at room temperature for 15 minutes and then centrifuged. The 

5 upper layer was removed, and 0.7 ml of 2.5M sodium acetate and diethyl ether were add^ to the 
supernatant. The mixture was centrifuged and the upper layer was discarded. Two volumes of ethanol were 
added to the bottom layer and DNA was removed with a glass rod. DNA was rinsed for five minutes each 
with TE:ethanol 2:8. 1:9. and 0:10 (v/v). DNA was then resuspended in 2-4 ml of TE (37* C). 10 a t of a 
mixture of RNase A and Ti was added to the suspension and the mixture was incubated at 37* C. An equal 

10 amount of phenol was added to the mixture which was then centrifuged. More than equal amount of ether 
was added to the supernatant. The mixture was centrifuged again, and the upper layer was discarded and 
the bottom layer was saved. The bottom layer was dialyzed against 2 t of TE containing a small amount of 
chloroform overnight and further dialyzed against fresh TE for 3-4 hours. 4 ml of crude chromosomal DNA 
was obtained. 

15 10 At I of TE. 3 Ml of reaction buffer (lOx) and 2 iil of Sad were added to 15 ^li of crude chromosomal 
DNA. The mixture was incubated at 37* C for an hour and electrophoresed on an agarose gel at 60 V for 
three hours. The Southern hybridization of chromosomal DNA was carried out using the probe as described 
in (2). About 6.0 kb and 9,4 kb fragments were found to show a strong hybridization. 

15 fii of chromosomal DNA was digested with Sad and electrophoresed on an agarose gel. as 

20 described above, 6.0 kb and 9.4 kb DNA fragments were cut out from the gel and taken In three volumes 
each of 8M NaCI04. After solubilization, each solution was dotted on GF/C (NA^atman) filter paper (6 mm in 
diameter). Ten drops (« 100 fit) of TE containing 6M NaCI04 and then ten drops 100 lil) of 95% ethanol 
were added to the filter paper. The paper was air-dried for 3 minutes and placed in 0.5 ml Eppendorf tube. 
AO fit of TE was added to the tube and the whole was incubated at 47* C for 30 minutes. The tube was 

25 then centrifuged. About 40 ft I oi the supernatant was obtained which contained 6.0 kb and 9.4 kb DNA 
fragments containing a nitrile hydratase gene of chromosomal DNA. 

The method of inserting the 6.0 kb DNA fragment into a vector is described below. The same method is 
applied for the insertion of the 9.4 kb DNA fragment into a vector. 

30 (4) Insertion of the Chromosomal DNA Fragment into a Vector 

10 Alt of TE, 3 Alt of reaction buffer (lOx) and 2 t of Sad was added to 10 fit of pUC19. The mixture 
was incubated at 30'C for an hour. 2 ii I of 0.25M EDTA was added to the mixture to stop the reaction. 
Then, 7 ^1 of 1m Tris-HCI (pH 9) and 3 {il of BAP (bacterial alkaline phosphatase) were added to the 

55 mixture. The mixture was incubated at 65* C for an hour. TE was then added to the mixture to make a total 
volume to 100 I, The mixture was extracted 3x with an equal amount of phenol. An equal amount of ether 
was added to the extract. The bottom layer was removed and 10 ^il of 3M sodium acetate and 250 fit of 
ethanol were added to the bottom layer. The mixture was incubated at -80*0 for 30 minutes, centrifuged, 
dried, and resuspended in TE. 

40 5 /tt of pUCl9 DNA thus obtained and 40 pi of the 6.0 kb DNA fragment as described in (3) were 
mixed. S tt I of ligation buffer, 6 ft I of ATP (6 mg/ml) and 3 ftl of T4 DNA ligase were added to the mixture. 
The mixture was incubated at 4* 0 overnight (12 hours) to produce the recombinant plasmid containing the 
6.0 kb DNA fragment encoding the desired enzyme in the Sad site of pUC19. 

45 (5) Transformation and Screening of Transformants . 

E. coll TQI (Amersham) was inoculated into 10 ml of 2xYT medium and Incubated at 37*0 for 12 
hours. After Incubation, the resultant culture was added to fresh 2xYT medium to a concentration of l%, 
and the mixture was incubated at 37'C for two hours. The culture was centrifuged and the pellet was 

50 suspended in 5 ml of cold 50 mM CaCb. The suspension was placed on ice for 40 minutes and then 
centrifuged. 0^5 ml of cold 50 mM CaCIa and 60 ^1 of the recombinant DNA as described m (4) were 
added to the pellet. The mixture was incubated at O'C for 40 minutes, heat-shocked at 42* C for two 
minutes, placed on ice for five minutes, and added to 10 ml of 2xYT medium. The mixture was incubated at 
37* C for 90 minutes with shaking, then centrifuged. The pellet was suspended In 1 ml of 2xYT medium, 

65 and two 10 /it aliquots of the suspension were plated on a 2xYT agar plate containing 50 {ig/m\ of 
amplcillin separately. The plate was incubated at 37* C. The colony grown on the plate was selected by the 
colony hybridization method: The colony was transferred to a nitrocellulose filter and digested. The DNA 
was fixed on the filter and hybridized to the probe as described In (2). The filter was autoradiographed and 
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a recombinant colony was selected. Additionaily, the presence of a nitrite hydratase gene in the transfor- 
mant was confirmed according to the Southern hybridization method, 

*so^*'0" a"d Purification of Recombinant Plasmid and Construction of the Restriction Map of the 
5 inserted DMA Fragments ~ 

The transformant selected as described in (5) was grown in 100 ml of 2xYT medium containing 50 
ftg/ml of ampicillin at 37* C overnight (12 hours). The bacterial cells were harvested and TNE was added to 
the cells. The cells were collected again by centrifugation, and 8 ml of STE and 10 mg of lysozyme were 

70 added to the cells. The mixture was incubated at 0* C for five minutes. 4 ml of 0.25M EDTA, 2 ml of 10% 
SD8 (at room temperature) and 5 ml of 5M NaCi were added to the mixture. The mixture was incubated at 
0-4* C for three hours, and ultracentrifuged. 1/2 volume of 30% PEG 6000 was added to the supematant. 
The mixture was incubated at 0-4* C overnight (12 hours) and centrifuged again. TNE was added to the 
pellet to bring the volume up to 7.5 ml. CsCI was added to the suspension to rid of proteins. Then. 300-500 

75 mg/ml of ethidium bromide was added to the supernatant and the mixture was transferred to a centrifuge 
tube. The tube was heat-sealed and ultracentrifuged. cccDNA was removed using a peristaltic pump. A bit 
more than equal amount of isopropyl alcohol saturated with water was added to cccDNA to remove ethidium 
bromide. The DNA sample was dialyzed agsunst TE, resulting in about 3 ml of purified recombinant DMA. 
The recombinant plasmid thus obtained containing a 6.7 kb DNA fragment was designated as pNHJIOH 

20 (The recombinant plasmid containing a 9.4 Id) DNA fragment was designated as pNI-iJ20L). 

These plasmid DNAs were digested with EcoRI, BamHi, PstI, Saci and Sail. The restriction maps were 
constructed and are shown in Fig. 1. 

(7) DNA Sequencing 

25 

The location of a nitrile hydratase gene in the DNA fragment of pNHJIOH was determined according to 
the restriction map constructed and to the Southem hybridization method. An extra segment in pNHJIOH 
was cleaved off with PstI and Sail: The 6.0 kb DNA fragment resulted in 1.97 kb. Similarly, an extra 
segment In pNHJ20L was cleaved off with EcoRI and SacI: The 9.4 kb DNA fragment resulted in 1.73 kb. 
so These DNA fragments were sequenced by the Sanger me^od [Sanger, P., Science 214: 1205-1210 
(1981)] using MIS phage vector. The nucleotide sequence of the 1 .97 kb DNA fragment (pNHJIOH) and the 
1.73 kb DNA fragment (pNHJ20L) are shown in the Sequence Listing by SEQ ID: No. 14 and SEQ ID: No. 
15, respectively. 

The amino acid sequence deduced from the nucleotide sequence was found fully identical to the amino 
35 acid sequence as determined in (1). The sequence analysis also revealed that the DNA fragment contained 
the sequence coding for the a- and ^-subunits. 

(8) Production of Nitrile Hydratase Using the Transformant and Conversion of Nitriles to Amides Using 
Nitrile Hydratase 

40 

TGI /pNHJIOH and TG1/pNHJ20L were inoculated into 10 ml of 2xYT medium containing 50 fig/ml of 
ampicillin and incubated at 30° C overnight (12 hours). 1 ml of the resultant culture was added to lOO ml of 
2>cYT medium (50 fiQ/m\ of ampicillin. 0.1 g of CoCl2*6H20/i). The mixture was incubated at 30*C for 4 
hours. IPTG was added to the mixture to a final concentration of 1 mM. The mixture was incubated at 30* C 

4$ for 10 hours. After harvesting the cells, the cells were suspended in 5 ml of 0.1 M phosphate buffer (pH 
7.5). The suspensions were disrupted by sonification for 5 min and centrifuged at 12.000 xg for 30 min. The 
resulting supematants were used for the enzyme assay. The enzyme assay was carried out In a reaction 
mixture (12 ml) containing 50 mM potassium phosphate buffer (pH 7.5)i 6 mM iDenzonltdle and an 
appropriate amount of the enzyme. The reaction was carried out at 20'C for 30 min and stopped by the 

50 addition of 0,2 ml 1 M HCI. The amount of benzamide formed in the reaction mixture was determined by 
HPLC. As a control, the mixture obtained by the same procedure as described above but from E. coil TGI 
was used. The levels of nitrile hydratase activity in cell-free extracts of E. coli containing pNHJIOH and 
pNHJ20L were 1.75 x 10^3 an^l 6.99 x 10""^ units/mg. respectively, when "cultured in 2xYT medium In the 
presence of CoCb and IPTG. Benzamide was found In the reaction mixture of TGI/pNHJIOH and pNHJ20L, 

55 whereas no benzamide was found in the reaction mixture of TGI . 
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(1) INFORMATION FOR SEP ID NO; 1 

(i) SEQUENCE CHARACTERISTICS: 

5 

(A) LENGTH: 203 amino acids 

(B) TYPE: Amino acid 
10 ( C ) STRANDEDNES S : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 
20 (B) STRAIN: J-1 (FERM BP-1478) 

(ix) FEATURES 

(A) OTHER INFORMATION 

25 

a(H)«subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 

30 

S to IS 

MetSerGluHisVal AsnLysTyrThrG luTyrGluAUArgThr 

Z 0 2 S 3 0 

35 LysAlal leGl uThrLeuLeuTyrG luArgGlyLeuIIeThrPrb 

3 S 4 0 4 S 

AlaAldValAspArgValValSerTyrTyrCluAsnGluI leGly 

so S S 6 0 

ProKetGIyGlyAlaLysVal ValAlaLysSerTrpVa lAspPro 

b S 7 0 7 5 

CluTyrArgLysTrpLeuGluG luAspA laThrA laA laHe tA la 
SerLeuGlyTyrAlaGlyGluGlnAlaHisGlnl leSerAlaVal 
PheAsaAspSerGlnThrHisHisValValVaiCysThrLeuCys 

t I 0 IIS 120 

SerCysTyrProTrpProValLeuG lyLeuProProA laTrpTyr 

1 2 S 13 0 I 3 S 

50 LysSerHetGluTyrArgSerArgVal Val AiaAspProArgGly 



40 



45 



55 
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1 4 0 14 5 ISO 

Val LeuLysArgAspPheGlyPheAspl leProAspGIuValG 1 u 

I S S C 6 0 1 6 S 

ValArgValTrpAspSerSerSerGluI i eAr gTyr 1 1 eVa 1 I le 

1 7 0 17 5 I B 0 

ProGluArgProA laGlyThrAspGlyTrpSerGluGIuGluLeu 

1 8 S 14 0 I 9 S 

ThrLysLeuVa 1 SerArgAspSerMe tl 1 eG 1 y Va I SerAsn A 1 a 

2 0 0 

LeuThrProGlnGluVal I leVal 

(2) INFORMATION FOR SEP ID NO; 2 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 229 amino acids 

(B) TYPE: Amino acid 

( C ) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
/j(»)-subunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

5 10 IS 

MetAspG iy 1 1 eH i s AspThrG 1 yG 1 y Me tThrG 1 yTy rG ly Pro 

Z 0 2 5 3 0 

Val ProTyrGInLysAspGluProPhePheHisTyrGluTrpGlu 

3 S 4 0 4 5 

GlyArgThrLeuSerlleLeuThrTrpHetHisLeuLysGlylte 

5 0 5 5 6 0 

SerTrpTrpAspLysSerArgPhePheArgG luSerHe tG lyAsn 

6 5 7 0 7 5 

GluAsnTyrValAsnGIuI I e A rgAsnSerTy rTyrThrH isTrp 
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8 0 8 S '0 

LeuSerAlaAIaGluArgI I eLeuVa 1 A laAspLys I iel leThr 

9 S 10 0 10 5 

GiuGiuGluArgLysHisArgValGinGluI leLeuG I uG ly Arg 

MO IIS 120 

TyrThrAspArgLysProSerArgLysPheAspProA laG I n I le 

1 2 S 13 0 I 3 S 

GluLysAlal leGluArgLeuHtsGluProHtsSerLeuAlaLeu 

14 0 t 4 S t S 0 

ProG lyAlaGluProSerPheSerLeuGl yAspLys I leLysVa I 

I S S I & 0 16 5 

LysSerMe tAsnProLeuGIyHisThrArgCysProLysTyrVal 
ArgAsnLysileGlyGluI ieValAIalyrHisGlyCysGlnl le 

18 5 19 0 19 5 

TyrProGluSerSerSerAiaGlyLeuGlyAspAspProArgPro 

zoo 205 210 

LeuTyrThrValAlaPheSerAlaGlnGIuleuTrpGlyAspAsp 

2fS 220 225 

GlyAsnGlyLysAspVal ValCysValAspLeuTrpGluProTyr 
Leu I leSerAla 



(3) INFORMATION FOR SEP ID NQs 3 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 207 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
a<^J-subunit 
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(xi) SEQOENCE DESCRIPTION: SEQ ID NO: 3 



5 10 'is 

MetThrAIaHisAsnProValGlnGlyThrLeuProArgSerAsn 

2 0 IS 3 0 

GluGIuI leAIaAlaArgValLysAIaNetCIuAia [ leLeuVa 1 

3 5 < 0 4 S 

AspLysGlyLeuI leSerThrAspAla I leAspHisHe tSerSer 

so S 5 6 0 

VaiTyrGluAsnGluValGlyProGlnLeuG lyA laLys I leVa 1 

fr S 7 0 7 5 

AlaArgAIaTrpVa 1 AspProG I uPheLysG I nArgLeuLeuThr 

BO as 9 0 

AspAlaThrSerAlaCysArgGluMetGlyValGlyCIyHetGin 

9 S 10 0 I 0 s 

GlyCluGluHetVal ValLeuGluAsnThrGlyThrValHisAstt. 

110 IIS 120 

Me t Valval CysThrLeuCys SerCysTyr ProTrpProVa 1 Leu 

12 5 13 0 13 5 

GlyLeuProProAsnTrpTyrLysTyrProA laTyrArgA laArg 

14 0 14 5 ISO 

AlaVal ArgAspProArgGlyVa ILeuAlaGluPheGlyTyrThr 

I 5 S 16 0 16 5 

ProAspProAspValGluI leArglleTrpAspSerSerAlaGlu 

17 0 t t 5 18 0 

LeuArgTyrTrpValLeuProGInArgProAlaGlyThrGluAsn 

i a 5 19 0 t 9 5 

PheThrGluGl uG InLeuA laAspLeuValThrArgAspSerLeu 
I leGlyValSerValProThrThrProSerLysAla 



(4) JfryoPMATI QW FOR SEO ID NO: 4 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 226 amino acids 

(B) TYPE: Amino acid 

( C ) STRAHDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
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(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 
( ix ) FEATURES 

(A) OTHER INFORMATION 
/fft'^^-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 



S 10 IS 

HetAspGly [ leHi sAspLeuGlyGIyArgAiaGlyLeuGiyPro 

2 0 Z S 3 0 

I leLysProG luSerAspGluProVa IPheliisSerAspTrpGlu 
ArgSerVaiLeuThrNetPheProAlaNetAlaLeuAIaGIyAla 

5 0 S S 6 0 

PheAsaLeuAspGlnPheArgGlyAlaMetGIuCinlleProPro 

4 5 7 0 7 S 

li isAspTyrleuThrSerGlnTyrTyrGluU tsTrpHetilisA la 
Hetl leHisHisGly I 1 eG I uA laG I y I I ePheAspSerAspG I u 

9 S 10 0 10 5 

LeuAspArgArgThrG InTyrTyrMe tAspH i sProAspAspThr 

110 lis 120 

ThrProThrArgG InAspProGInLeuValG luThrl leSerGln 

I 2 S 13 0 13 5 

Leul leThrHisGlyAlaAspTyrArgArgProThrAspThrGlu 
AlaAiaPheAlaValGlyAspLysVal ileValAreSerAspAla 

15 5 16 0 16 5 

SerProAsnThrHisThrArgArgAlaGlyTyrValArgGlyArg 

1 0 ITS 180 

VaiGIyGluVal ValAlaThrHisGlyAlaTyrVaiPheProAsp 

IBS 190 I 9 S 

ThrAsnAlaLeuGlyAlaGiyGIuSerProG luHisLeuTyrThr 

20 0- . 205 210 

Va i ArgPheSerAlaThrGiuLeuTrpG lyGluProAlaAlaPro 

ZIS 220 22S 

AsnValValAsnHisl leAspVa 1 PheG I uProTyrLeuLeuPro 
Ala 
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(5) INFORMATION FOR SEP ID NQ; R 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 609 base pairs 

(B) TYPE: Nucleic acid 

( C ) STRANDEONESS : Single 
(O) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 
( ix ) FEATURES 

(A) OTHER INFORMATION 
a(H)-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 



GTGAGCGAGCACGTCAATAAGTACACGGAGTACCAGGCACGTACC 
AAGGCGATCGAAACCTTGCTGTACGAGGGAGGGCTCATCACGCCC 
GCCGCG6TCGACCGAGTCGTTTCGTACTACGACAAC6AGATCGGC 
CCGATGGGCGGTGCCAAGGTCGTCGCCAACTCCTGGGTGGACCCT 
GAGTACCGCAA6TGGCTCGAAGAGGACGCGACGGCCGCGATGGCG 
TCATTGGGCTATGCCGGTCAGCAGGCACACCAAATTTCGGCGGTC 
TTCAACCACTCCCAAACGCATCACGTGGTCGTGTGCACTCTGTGT 
TCGTGCTATCCGTGGCCGGTGCTTGCTCTCCCGCCCGCCTGGTAC 
AAGAGCATGGAGTACCGGTCCCGAGTGGTAGCGCACCCTCGTGGA 
CTGCTCAAGCGCGATTTCGGTTTCGACAfcCCCGATCAGGTGGAG 
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CTCAGGGTTTGCGACAGCAGCTCCCAAATCCGCTACATCGTCATC 

SIO szs s«o 

CCGGAACGGCCGGCCGGCACCGACGGTTGGTCCGAGGAGGAGCTG 
ACGAAGCTGGTGAGCCGGGACTCGATGATCGGTGTCAGTAATGC6 
CTCACACCCCAGGAAGTGATCGTA 



(6) TNFQRMAT TQW FOR SEP ID NO: 6 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 687 nucleic acids 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLCX3Y: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 
( ix ) FEATURES 

(A) OTHER INFORMATION 
/9<^J-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 



ATGGATGGTATCCACGACACAGGCGGCATGACCGGATACGGACCG 
GTCCCCTATCAGAAGGACGAGCCCTTCTTCCACTACGAGTGGGAG 

I 0 S I Z 0 i 3 S 

GGTCGGACCCTGTCAATTCTGACTTGGATGCATCTCAAGGGCATA 
TCGTGGTGGGACAAGTCGCGGTTCTTCCGGGAGTCGATGGGGAAC 
GAAAACTACGTCAACGAGATTCGCAACTCGTACTACACCCACTGG 
CTGAGTGCGGCAGAACGTATCCTCGTCGCCGACAAGATCATCACC 
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GAAGAAGAGCGAAAGCACCGTGTGCAAGAGATCCTTGAG6GTCGG 

TACACG6ACAGGAAGCCGTCGCGGAAGTTCGATCCGGCCCAGATC 

GAGAAGGCGATCGAACGGCTTCACGAGCCCCACTCCCTAGCGCTT 

CCAGGA6CGGAGCCGAGTTTCTCTCTCGGTGACAAGATCAAAGTG 

AAGAGTATGAACCCGCTGGGACACACACGGTGCCCGAAATATGTG 

CGGAACAAGATCGGGGAAATCGTCGCCTACCACGGCTGCCAGATC 

TATCCCGAGAGCAGCTCCGCCGGCCTCGGCGACGATCCTCGCCCG 

CTCTACACGGTCGCGTTTTCCGCCCAGGAACTGTGGGGCGACGAC 

G6AAACGGGAAAGACGTA6TGTGCGTCGATCTCTGGGAACCGTAC 

CTGATCTCTGCG 



(7) INFORMATION FOR SEP ID NO; 7 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 621 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 
CD) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous J-1 

(FERM BP-1478) 

(ix) FEATURES 

(A) OTHER INFORMATION 
a(')-subunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NOt 7 
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ATGACCGCCCACAATCCCGTCCAGG6CACGTTGCCACGATCGAAC 
GAGGAGATCGCCGCACGCGTGAAGGCCATCGAGGCCATCCTCGTC 
CACAAGGCCCTGATCTCCACCGACGCCATCGACCACATGTCCTCG 
GTCTACGAGAACGAGGTCGGTCCTCAACTCGGCGCCAAGATCCTC 

I 9 S Z I 0 Z 2 s 

GCCCGCGCGTGGGTCGATCCCGAGTTCAAGCAGCGCCTGCTCACC 

240 ZSS 210 

6ACGCCACCAGCGCCTGCCGTGAAATGGGCGTCGGCGGCATGCAG 

Z8S 300 3tS 

CGCGAAGAAATGCTCGTGCTGGAAAACACCGGCACGGTCCACAAC 
ATGGTCGTATGTACCTTGTGCTCGTGCTATCCCTCGCCGGTTCTC 

31S 390 4eS 

GGCCTGCCACCCAACTCGTACAAGTACCCCGCCTACCGCGCCCGC 
GCTGTCCGCGACCCCCGAGGTCTGCTGGCCGAATTCGGATATACC 

4*S 4«0 49S 

CCCGACCCTCACGTCGAGATCCGGATATGCGACTCGAGTGCCGAA 

SIO SZS S40 

CTTCGCTACTGGGTCCTGCCGCAACGCCCAGCCGGCACCGAGAAC 
TTCACCGAAGAACAACTCCCCGACCTCCTCACCCGCGACTCGCTC 
ATCGGCGTATCCGTCCCCACCACACCCAGCAAGGCC' 



(8) TMFORMATTON FOR SEP ID NOt 8 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 678 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 
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(A) ORGANISM: Rhodococcus rhodochcous 

(B) STRAIN: J-1 (PERM BP-1478) 
( ix ) FEATURES 

(A) OTHER IMFORMATION 
^(D-subunit 

(Xi) SEQOENCE DESCRIPTION: SEQ ID NO: 8 

ATGGATGGAATCCACGACCTC6GTGGCCGCGCCGGCCTGGGTCCG 

ATCAAGCCCGAATCCGATGAACCTGTTTTCCATTCCGATT6GGAG 
CGGTCGGTTTTGACGATGTTCCCGGCGATGGCGCTGGCCGGCGCG 

TTCAATCTCGACCAGTTCCGGGGCGCGAT6GAGCAGATCCCCCC6 

19 5 t I 0 Z Z S 

CACGACTACCTGACCTCGCAATACTACGAGCACTGGATGCACGCG 
ATGATCCACCACGGCAtCGAGGCGGGCATCTTCGATTCCGACGAA 
CTCGACCGCCGCACCCAGTACTACATGGACCATCCGGACGACAC6 
ACCCCCACGCGGCAGGATCCG.CAACTGGTGGAGACGATCTCGCAA 
CTGATCACCCACGGAGCCGATTACCGACGCCCGACCGACACCGAG 
GCCGCATTCGCCGTAGGCGACAAAGTCATCCTGCGGTGGGACGCC 
TCACCGAACACCCACAGCCGCCGCGCCGGATACGTCCGGGGTCGT 
GTCGGCGAAGTCGTGGCGACCCACGGCGCGTATGTCTTTCCGGAC 
ACCAACGCACTCGGCGCCGGCGAAACCCCCGAACACCTGTACACC 
GTCCGGTTCTCGGCGACCGAGTTGTGGGGTGAACCTGCCGCCCCG 
AACGTCGTCAATCACATCGACGTGTTCGAACCGTATCTGCTACCG 

GCC 

(9) INFORMATION FOR SEP ID NQi 9 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 amino acids 

(B) TYPE: Amino acid 

( C } STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J>1 (FERH BP-1478) 
{ ix ) FEATURES 

(A) OTHER INFORMATION 
25 a<H>-subunit: a^fH) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9 

10 IS 



30 Ser-G I U.-H I $-Va 1 -Asn-Lys-Ty r-Th r-G 1 u-Ty r-G I u-A I a-Arg-Thr-Lys 

to 28 

Al a- 1 1 e-C 1 u-Thr-Leu-Leu-Ty r-G 1 u-Arg-G I y-Leu 



(10) INFORMATION FOR SEO ID NOt TO 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 



55 
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(B) STRAIN: J-1 (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 

^<H)-subunit: /S^tH) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NOt 10 

S 10 •* 

Me t-Asp-G 1 y- 1 1 e-H i s-Asp-Thr-C lyG ly-Me t-Thr-G 1 y-Ty r-G ly-Pro 
Va I -Pro-Ty r-Cl n-Lys-Asp-G I u-Pro-Phe-Phe-Hi s-Ty r-G 1 a 



(11) INFORMATION FOR SEQ Tn wn? 1 1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: Amino acid 

( C ) STRANDEDNESS : 

« 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
a^^^-subunit : a,^^^ 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 
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s iO > 

Thr-A la-H i s-Asn-Pro-Va 1 -G In-G 1 y-Thr-Leu-Pro-Arg-?-Asn-C I 

(12) INFORMATION FOR SEP ID WQi 12 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-1 (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
^(i')-subunit: yS^t^) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 

Me t-Asp-C I y- 1 1 e-H i s-Asp-Leu-G 1 y-G 1 y-Arg-A I a-? -Leu-?-Pro 
Ile-Lys-Pro-Glu 



(13) INFORMATION FOR SEP ID NOi 13 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 2070 base pairs 

(B) TYPES Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus sp. 

(B) STRAIN: H-774 (PERM BP-1936) 
(ix) FEATURES 

from nucleotide No. 675 to 1295: subunit a 
from nucleotide No. 1225 to i960: subunit /? 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 

SphI . . 

gcatgctttccacatctggaacgtcatcgccacgcacggtcctg 
cctaccagatgttggacgccaacgcataccgcatgaacgccgaac 
gtttgtaccatccggaactgatggcacactttccttctccacgca 
ttcagcacgccgacgctctgtccgaaaccgtcaaactcgtggccc 
tgaccggccaccacggcatcaccaccctccgcggcgccagctacg 
gcaaa'gccccgaacctcgtaccgct'tgcccgcgccgcctacgaca 
ctgccttgagXcaattcgacctcctgctgatcccaacgct'cccct 
acgtcgcatccgaattgccggcgaa'ggacgtagatcctccaacct 
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TCATCACCAACGCTCTCGGGATGATCGCCAACACCGCACCATTCC 
ACGTGACCGGACATCCGTCCCTGTCCGTTCCGGCCGGCCTGGTGA 

.450 

ACGGGCTTCCGGTCGGAATGATGATCACCCGCAGACACTTCCACG 

.500 Hindis 
ATGCGACAGTCCTTCGTGTCCCACGCGCATTCGAAAAGCTTCGCG 

.550 

GCCGGTTTCCGACGCCGCCCGAACGCCCCTCCAACTCTCCACCAC 

aagtc'agccccgcctagtcctgacggactgtcagacaacaaattc 
"caccgattca'cacatgatcagcccacataa'gaaaaggtga'accag 

.700 

atgtcagtaacgatcgaccacacaacggagaaccccgcaccggcc 

MetSerVa IThr I leAspHisThrThrGluAsnAiaAlaProAla 

Subun i la . t s o 

CAGGCGGCCGTCTCCGACCGGGCGTGGGCACTGTTCCGCGCACTC 
GlnAUAIaValSerAspArgAiaTrpAULeuPheArgAiaLeu 

Kpn I .800 
GACGGTAAGGGATTGGTACCCCACGGTTACGTCGAGGGATGGAAC 
AspG lyLysGlyLeuValProAspGlyTyrValGluGiyTrpLys 

. « S 0 

AAGACCTCCGAGGAGCACTTCAGTCCAAGGCGCGGAGCGGAATTC 
LysThrSerGluGluAspPheSerProArgArgGlyAUGluLeu 

Pvun 

CTAGCGCGCGCATGGACCGACCCCGAGTTCCGGCAGCTGCTTCTC 

Va lAlaArgAlaTrpThrAspProG luPheArgGlnLeuLeuLeu 
. 0 0 0 K p n I 

ACCGACGGTACCGCCGCAGTTGCCCAGTACGGATACCTGGGCCCC 
ThrAspGlyThrAlaAlaValAUGlnTyrGlyTyrLeuGlyPro 

CAGGCGCCCTACATCGTGGCAGTC6AAGACACCCCCACACTCAAG 
GlnAlaAlaTyr I leValAlaValGluAspThrProThrLeuLys 

'aacctcatcgtgtgctcgct'gtgttcatgc'accgcgtggcccatc 

AsnVa 1 1 I eVa ICysSerLeuCysSerCysThrA laTrpProI le 

ctcggtctgccacccacctcgtacaagagcttcgaataccgtgcg 

teuGlyLeuProProThrTrpTyrLysSerPheGIuTyrArgAla 
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cgcgtggtccgcgaaccacc'gaagcttctc'tccgagatcg'gaacc 

ArgVal ValArgGluProArgLysValLeuSerGluMelGlyThr 

gagat'cgcgtcccac'atccagattc'gcgtctacgacaccaccgcc 

Glul leAlaSerAspI leGluI 1 eA rgVa 1 Ty rAspThrThi A 1 a 

bAAACTCGCTACATGGTCCTbcCGCAGCGT'cCCCCCGCCACCGAA 

GluThrArgTyrMetValLeuProGUArgProAlaClyThrGlu 

P s t I 

ggctg'gagccacgaa'caactgcaccaaatcgtcac'caacgactgc 

ClyTrpSerG InCluGlnLeuGlnGIuI leVa IThrLysAspCys 

ctgatcgggcttgcaatccc'gcaggttccc'accgtctgatcaccc 

Leul leGlyValAlal I eProG 1 nVa 1 ProThrVa ITRM 

cgacaagaaggaagc'acacc-atggatggagtacacgatcttgcc 

UetAspGtyValHisAspLeuAla 
SubuhitiS 

• " 3 s 0 

GGAGTACAAGGCTTCGGCAAAGTCCCGCATACCGTCAACCCCGAC 
CiyValGlnGlyPheGlyLysValProHisThrValAsnAlaAsp 

.14 0 0 

ATCGGCCCCACCTTTCACGCCGAATGGGAACACCTGCCCTACAGC 
1 leG lyProThrPheHisAlaG luTrpGluHisLeuProTyrSer 

ctgatcttcgccggtgtcgcc'gaactcgggcccttcagcgtccac 

LeuMetPheAIaG lyVa lA laG luLeuG lyAlaPheSerVa i Asp 

gaagtg'cgatacgtcgtcgacccgatggagccgggccactacatg 

GIuValArgTyrValValGluArgMetGluProGlyHisTyrMet 

ATGACCCCGTAbTACGAGACGTACCTCATCGGTGTCGCGACATTG 
MelThrProTyrTyrGluArgTyrVallleClyValAlaThrLeu 

ATGGTCCAAAAGGGAATCCTGACGCAGCACCAACTCGAAAGCCTT 
MetValGluLysGlylleLeuThrGlnAspGIuLeuGluSerLeu 

GCGGGGGGACCGTTCCCACTGTCACGCCCCACCCAATCCGAAGGG 
AUG lyGIyProPheProLeuSerArgProSerG luSerG luG 1 y 
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cggccg'ccacccgtcc'agacgaccac'cttcgaagtccggcagcga 

ArgProAlaProValGluThrThrThrPheGluValGlyGlnArg 

GTACGCGTACGCGACGAGTACbTTCCCGGGCATATTCGAATGCCT 
ValArgValArgAspGluTyrValProGIyHisl leArgMelPro 

GCATACTGCCCTGGACCAGTCCGAACCATCTCTCATCGAACTACC 
AUTyrCysArgGlyArgValClyThr I leSerll isArgThrThr 

. > 8 0 0 

CAGAACTGGCCGTTTCCCGACGCAATCCGCCACGGCCGCAACCAC 
GluLysTrpProPheProAspAlalleGlyHisGlyArgAsnAsp 

. » » S 0 

GCCGCCGAAGAACCCACGTACCACCTGAAGTTCGCCGCCGAGGAA 
AUG lyGluG 1 uProThrTyrHisValLysPheA laA 1 aG 1 uG lu 

. 1 8 0 0 . Sail 
TTGTTCGCTAGCCACACCGACGGTCGAAGCGTCGTTGTCGACCTC 
LeuPheClySerAspThrAspGlyGlySerValValValAspLeu 

. I » S 0 

TTCGAGGGTTACCTCGACCCTGCGGCCTGATGTTCCAGCATTCCA 
PheGluGlyTyrLeuGluProAlaAlaTRM 

. 2 0 0 0 

GGCGGCGGTCACGCGATCACAGCGGTTCGTGCGACCGCCGCCTGA 

tcacca'cgattcactc'attcggaagg'acactggaaa'tcatggtcg 

Sal I 
AC 



(14) INFORMATION FOR SEP ID NO: 14 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1970 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) HOLECDLE TYPE: Genomic ONA 

(vi) ORIGINAL SOURCE 
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TO 



(A) ORGANISM: Rhodococcus chodochrous J-1 

(FESM BP-1478) 

( ix } FEATURES 

from nucleotide No. 408 to 1094: subunit 
from nucleotide No. nil to 1719: subunit a**' 

(xi) ' SEQUENCE DESCRIPTION: SEQ ID NO: 14 



CTGCAGCTCGAACATCGAAGGGTGCGAGCCGAGAGATCGGAGACGCAGACACCCGGAGGG 



20 



AACTTAGCckcCCGACCGATGCGTGTCCTGGCAACGCCTCAAAATTCACTGCAACCGAT 
. TCAATCTTCTTACTTCCAGAACCGAATCACGTCCCCGTAGTGTGCGGGGAGAGCGCCCGA 
25 ACGCAGCCATGGTATCCAfGCGCCCCTTCKTTTTCGAACGAGAACCGCCCGGTACACCC 

GACCCGGAGACACTGTGACGCCGTTCAACGATTGTTCTGCTCTCAAGGATTCACCCA.ACC 
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CAACTGATATCGCCATTCCGTTGCCGGAACATTTGACACCTTCTCCCTACGACTAGAACC 



CAGCTGGACCCCTCTTTGACCCCAGCTCCGATGAAAGGAATGAGGAAATGCATCGTATCC 
^ UetAspGlylleH 

Subunit & 

ACGACACAGGCGGCATCACCGGATACGGACCGGTCCCCTATCAGAAGGACCAGCCCTTCT 
isAspThrGlyGIyMetThrGlyTyrGlyProValProTyrGlnLysAspGluProPheP 

TCCACTACCAGTGGGAGGckGGACCCTGTCAATTCTGACTTGGATGCATCTCAAGCGCA 
heHisTyrGluTrpGluGlyArgThrLeuSerlleLeuThiTrpMeUlisLeuLysGlyi 

TATCGTCGTGGGACAAGTCGCGGTTCTTCCCGGAGTCGATGCGGAACGAAAACTACGTCA 
leSerTrpTrpAspLysSerArgPhePheArgGluSeiMetClyAsnGluAsnTyrValA 

ACGAGATTCGCAACTCGTACTACACCCACTGGCTGAGTGCGCCAGAACGTATCCTCGfcG 
snGluI ieArgAsaSerTyrTyrThrHisTrpLeuSerAlaAiaGluArgi leLeuValA 

CCCACAAGAKATCACCGAAGAAGAGCCAAAGCACCGTGTGCAAGAGATCCTTGAGGGTC 
laAspLysIIelleThrGluGIuGluArgLysHisArgValGlnGluIleLeuGluGIyA 
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GGTACACGGACAGGAAGCCGTCCGGGAAGTTCGATCCGGCCCACATCGACAAGGCGATCG 
rgTyrThrAspArgLysProSerArgLysPheAspProAlaGlnl leGluLysAlal leC 

AACCGCTTCACGAGCCCCACTCCCTAGCGCTTCCAGGAGCGGAGCCGAGTTTCTCTCTCC 
luArgLeuHisGluProHisSerLeuAlaLeuProGlyAlaGluProSerPheSerLeuG 

GTGACAAGATCAAAGTGAAGAGTATGAACCCCCTGGGACACACACGGTGCCCGAAATATG 
lyAspLysIleLysValLysSerMetAsnProLeuGlyHisThrArgCysProLysTyrV 

TGCGGAACAAGATCGGGGAAATCGTCGCCTACCACGGCTGCCAGATCTATCCCGACAGCA 
alArgAsriLysI leGlyGluI leVaiAiaTyrHisGlyCysGlnl leTyrProGluSerS 

GCTCCGCCGGCCTCGGCGACGATCCTCCCCCGCTCTACACGGTCCCGTTTTCCGCCCAGC 
erSerAUGlyLeuGlyAspAspProArgProLeuTyrThrValAlaPheSerAlaGlnC 

lOSO 1040 lOSO lOSO lOTO 1080 

AACTGTGCGGCGACGACGGAAACGGGAAAGACGTAGTGTGCGTCGATCTCTGGGAACCGT 
luLeuTrpGIyAspAspGlyAsnGlyLysAspValValCysValAspLeuTrpGluProT 

ACCTCATCTCTGCGTGAAAGGAATACGATAGTGAGCGAGCACGTCAATAAGTACACG^ 
yi Leul leSerAU MetSerGluHisValAsnLysTyrThrGlu 

Subunil a 

TACGAGGCACCTACCAAGGCGATCCAAACCTTGCTcfACGAGCGAGGGCTCATCACGCCC 
TyrGluAlaArgThrLysAlal leGluThrLeuLeuTyrGluArgGlyLeuI leThrPro 

GCCGCGCTCGACCGAGTCGTTTCGTACTACGAGAACGAGATCGCCCCGATGCGCGGTCCC 
AlaAlaValAspArgValValSerTyrTyrGluAsnGluI leClyProMetGIyGlyAla 

AAGGTCGTGGCCAAGTCCTGGGTGGACCCTGAGTACCGCAAGTCGCTCGAAGAGGACGCG 
LysValValAlaLysSerTrpValAspProGluTyrArgLysTrpLeuGluGluAspAla 

ACGGCCGCGATGGCGTCATTGGGCTATGCCGGTGAGCAGGCACACCAAATTTCGGCGC^^ 
ThrAlaAlaMelAlaSerLeuClyTyrAlaGlyGluGlnAlaHisGInl leSerAlaVal 

TTCAACGACKCCAAACGCATCACGTGGTGGTGTGCACTCTGTGTTCGTCCTATCC 
PheAsnAspSerGlnThrHisHisValValValCysThrLeuCysSe.rCysTyrProTrp 
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CCGGTGCTTGGTCTCCCGCCCGCCTGGTACAAGAGCATCGAGTACCGGTCCCGAGTG^ 
ProValLeuGlyLeuProProAlaTrpTyrLysSerMetCluTyrArgSerArgValVal 

GCGGACCCTCGTGGAGtcCTCAACCGCGATTTCGGTTTCGACATCCCCCATCACGTGGA^ 
AlaAspProArgGlyValLeuLysArgAspPheGlyPheAspIleProAspGluValGIu 

GTCAGGGnTGGGACAGCAGCTCCGAAATCCGCTACATCCTCATCCCCGAACGCCCCGCC 
ValArgValTrpAspSerSerSerGiuI leArgTyrl leVal I leProGiuArgProAla 

1830 1640 tSSO IS60 1670 ISgO 

GGCACCGACCGTTGGTCCGAGGAGGAGCTCACGAAGCTGGTGAGCCGGCACTCGATCATC 
GlyThrAspGlyTrpSerGluGluGluLeuThrLysLeuValSerArgAspSerMell le 

GCTGTCAGTAATGCGCTCACACCGCAGGAAGTGATCGTATGAGTGAACAC^^ 
GlyValSerAsnAlaLeuThrProGlnGluVailleVai 

ATCGGCTCCCGGCGACTGCGACCGCCGCAkGCCCCGCGACAATGGCGAkTTGTAn 
CCGAGCCnGCGAAGCAACGGCATTCGGCCTCGCCATCGCGCTTTCCGATCACAA 

I8T0 tSBO 1880 1800 1810 1820 

ACGAATGGGAGTTCTTCCGACAGCGTCTCATTCACTCCATCGCTGAGGCCAACGGTTGCC 



AGGCATACTACGAGAGCTGGACAAAGCCGCTCGAGGCCACCGTGGTCG^^ 



^ 



(15} INFORMATION FOR SEP ID NO; IS 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1731 base pairs 

(B) TYPE: Nucleic acid 
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STRANDEDNESS: Single 
TOPOLOGY: Linear 
MOLECULE TYPE: Genomic ONA 
ORIGINAL SOURCE 

ORGANISM: Rhodococcus rhodochrous 
STRAIN: J-1 (FERM BP-1478) 
FEATURES 

from nucleotide No. 171 to 848: subunit 

« 

from nucleotide No. 915 to 1535: subunit a^^' 
SEQUENCE DESCRIPTION: SEQ ID NO: 15 



GAGCTCCCTGGAGCCACTCGCGCCGACCCATCCACCCTCGGACAGCCCACGGTGCGGATC 



ACCCCTGTTCGTCCGTAACAGAACAGTAACATGTCATCACCTCATGACGTGTTGACGCAT 

TAGACGAGGCCACATAGGGTTGGTGACTCACGGCACAAGGAGAGCATTTCATGGATGCAA 

MelAspGlyl 
Subunit /5 ' 

TCCACGACCTCGGTGGCCGCGCCGCCCTGGGTCCGATCAAGCCCGAATCCGATGAACCTG 
leHisAspLeuGiyGlyArgAIaGlyLeuGlyProl lelysProGluSerAspGiuProV 

TTTTCCATTCCGATTGGGAGCGGTCGGTTTTGACGATGTTCCCGGCGATCGCGCTGGCCG 
alPheHisSerAspTrpGluAreSerValLeuThrMetPheProAiaMetAlaLeuAUG 

GCGCGTTCAATCTCGACCAGTTCCCGGCCGCGATGCAGCAGATCCCCCCGCACGACTACC 
lyAlaPheAsnLeuAspGlnPheArgGlyAlaMelCluGlnl leProProHisAspTyrL 

TGACCTCGCAATACTACGAGCACTGGATCCAC6CGATGATCCACCACCCCATCGAGGCGG 
euThrSerGlnTyrTyrGluHisTrpMelHisAlaMetl lellisHisClylleGluAlaG 

GCATCTTCGATTCCCACGAACTCCACCGCCCCACCCACTACTACATGGACCATCCGGACG 
lyl lePheAspSerAspGluLeuAspArgArgThrClnTyrTyrMelAspHisProAspA 
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'^49°i!i^^S^4F'^^*^^^AGCATCCCCAACTCGTCGAGACCATCTCGCAACTCATCACC^ 
spThrThrProThrArgClnAspProGlnLeuValGIuThrlleSerGlnLeuIleThrH 

•^S?^5?^5^^P^9^^^^^"^ACCGACACCCAGGCCGCATTCGCCGfAGGCGACAAAG 
isGlyAlaAspTyrArgArgProThrAspThrGluAlaAlaPheAlaValGlyAspLysV 

TCATCGTGCGGTCGGACCCCTCACCGAACACCCACACCCGCC 
allleValArgSerAspAlaSerProAsnThrHisThrArgArgAlaCIyTyrValAigG 

lyArgValGlyGluValValAUThrHisGlyAlaTyrValPheProAspThrAsnAtaL 

TCGGCGCCGGCGAAAGCCCCGAACACCTGfACACCGTGCGCTTCTCGGCGACCCAGTTGT 
euGlyAlaClyGluSerProGluHisLeuTyrThrValArgPheSerAlaThrCluLeuT 

CCCCTGAACCTGCCGCCCCCAACGTCGTCAATCACATCGACGTCTTCGAACCGTATCTCC 
rpGlyGluProAlaAlaProAsnValValAsnHlsIleAspValPheGluProTyrLeuL 

TACCGGCCTGACCAGGTCATCCGGTCCACCCAGCGAGACGTCCCTTCACCACAGACAGAA 
euProAla 

ACCAGCCCACCCGGATGACCGCCCACAATCCCCTCCAGGGCACGTTGCCACGATCCAACG 

MetThrAlaHisAsnProValGInGlyThrLeuProArgSeiAsnG 
Subunit a 

AGGAGATCGCCGCACGCGTGAAGGCCATGGAGGCCATCCTCGTCGACAAGGGCCTGAfcf 
luGluI leAlaAIaArgValLysAlaMetGluAlalleLeuValAspLysGlyLeul leS 

CCACCGACGCCATCGACCACATGTCCTCGGTCTACGACAACGAGGTCGGfcCTCAACTCC 
erThrAspAlalieAspHisMetSerSerValTyrGluAsnGluValGlyProGlnLeuG 

GCGCCAACATCGTCGCCCGCCCCTGGGTCCATCCCGAGTTCAAGCAGCGCCTGCTCACCG 
lyAlaLysIleValAlaArgAlaTrpValAspProGluPheLysClnArgLeuLeuThrA 

ACGCCACCAGCGCCTGCCGTGAAATGGCCGTCCGCGGCATGCAGGGCGAAGAAATGCTCG 
spAlaThrSerAlaCysArgGIuMclGlyValCIyClyMetClnGlyGluGIuMelValV 

TGCTGGAAAACACCGGCACGCTCCACAACATGCTCGTATGTACCTTCTGCTCGTGCTATC 
alLeuCluAsnThrGlyThrValHisAsnMetValValCysThrLeuCysSerCysTyrP 

CGTGGCCGGTTCTCGGCCTCCCACCCAAcfGGTACAAGTACCCCGCCTACCGCGCCCCC^ 
roTrpProValLeuGlyLeuProProAsnTrpTyrLysTyrProAlaTyrArgAlaArgA 

CTGTCCGCGACCCCCGAGGTGTGCTGGCCGAATTCGGATATACCCCCGACCCTGACCTW 
laValArgAspProArgGlyValLcuAIaGluPheGIyTyrThrProAspProAspValG 
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AGATCCGGATATCCGACTCCAGTGCCGAACTTCGCTACTCGGTCCTCCCC^ 

lul leArgl leTrpAspSerSerAlaCluLeuArgTyrTrpValLeuProGlnArgProA 

5 I4S0 14(0 I4T0 1410 14(0 ISOO 

CCGGCACCGAGAACTTCACCGAAGAACAACTCGCCGACCTCGTCACCCGCGACTCGCTCA 
laGlyThrGIuAsnPheThrGIuGluGlnLeuAlaAspLeuValThrArgAspSerLeuI 

ISIO 1 3 2 0 IS30 IS40 1 S iS 0 1580 

TCCGCGTATCCGTCCCCACCACACCCAGCAAGCCCTGACATGCCCCGACTCAACGAACAA 
,0 leGlyValSerValProThrThrProSerLysAla 

CCCCACCCGGGTCTCGAACCCAACCTCCGCGACCTGGTACAGAATCTGCCGTTCAAW^ 



20 



CGAATCCCCCGCCGCTCCGGCGAGGTCGCCTTCGATCAGGCCTCGGAGAKCGCCCCnC 
AGCATTGCCACCGCATTCCATGGCCAGGGCCGATTCGAAkGGACGAATTC 



Claims 

1. A DNA'"* fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide comprising 
25 the a<")-subunit as defined in the Sequence Listing by SEQ ID: No. 1 and the ^'^-subunit as defined in 

the Sequence Listing by SEQ ID: No. 2. 

2. A DNA^^ fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide comprising 
the a^^'-subunit as defined in the Sequence Listing by SEQ ID: No. 3 and the iS^'-^-subunit as defined in 

30 the Sequence Listing by SEQ ID: No. 4. 

3. The DNA^ fragment of claim 1 which contains the nucleotide sequences of the a^"'-subunit as defined 
in the Sequence Listing by SEQ ID: No. 5 and the ^<"^-subunit as defined in the Sequence Listing by 
SEQ ID: No. 6. 

35 

4- The DNA^^ fragment of claim 2 which contains the nucleotide sequences of the a*^'-subunit as defined 
in the Sequence Listing by SEQ ID: No. 7 and the /S^'-^-subunit as defined in the Sequence Listing by 
SEQ ID: No. 8. 

40 5. A recombinant DNA comprising a DNA^"^ or DNA^ of any one of claims 1-4 in a vector. 
6. A transformant transfonmed with the recombinant DNA of claim 5. 

?• A method of producing nitrile hydratase which comprises culturing the transformant as claimed in claim 
45 6 and recovering nitrile hydratase from the culture. 

8. A method of producing amides which comprises hydrating nitriles using nitrile hydratase obtained from 
the culture of the transfbnmant of claim 6. 

50 9« A method of producing amides which comprises culturing the transformant as claimed in claim 6. and 
hydrating nitriles to amides using the resultant culture, isolated bacterial cells, treated matter thereof, or 
a fixed material thereof. 
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